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Passive Smoking and Lung Cancer ^ 


Passive smoking, the inhalation of smoke from to¬ 
bacco products used by others, was first associated with 
human cancer in 1981 when two publications reported! 
higher rates of lung cancer among nonsmoking women 
married to smokers (/, 2)i The findings were greeted 
with some skepticism, in part beouse of questions 
raised about the methods used, but mostly because it was 
thought unlikely that nonsmokers would receive suffi¬ 
cient smoke exposure to more than double their risk of 
lung cancer as these reports suggested Considerable evi¬ 
dence has accumulated in the interim; so that a review 
of the topic now seems timely to summarize where we 
stand and to help identify new avenues of research on 
passive smoking and cancer. This review is restricted to 
lung cancer, since information to assess the potential 
effect of passive smoking on other cancers is still inade¬ 
quate. We first comment on the individual epidemio¬ 
logic studies evaluating passive smoking, then combine 
data to provide a summary estimate of the RR of lung 
cancer among nonsmoking women married to smokers. 
Difficulties in exposure assessment are examined, then 
taken into account in our assessment of the passive 
smoking-lung cancer relation. 

INITIAL STUDIES 

The reports of Hirayama from Japan (i) and Tri- 
chopolous ct al. from Greece (2): showing increases in 
lung cancer risk among nonsmoking women married to 
smokers were derived from two difffcrent types of epidfe- 
miologic investigation. The study in Japan used the 
cohort approach, in which death rates for various dis¬ 
eases were determined among 265,000 persons compris¬ 
ing 95% of the pxDpulation aged 40-59 in 29 health center 
districu. For each of these individuals a 1-page ques¬ 
tionnaire had! been completed in 1965, indicating 
whether the individual was a cigarette smoker and how 
many cigarettes per day he or she smoked- For the 
period 1965-81, 200 lung cancer deaths were recorded 
among nonsmoking married! women, with death rates 
increasing in proportion to the amount of dgareites 
smoked by their husbands in 1965 (5; 4 )^ Table 1 de¬ 
scribes the trend, indicating a 90% excess in lung cancer 
among nonsmoking females whose husbands smoked 20! 
or more cigarettes per day. No increase in mortality from 
other cancers, except for nasal and brain tumors, was 
detected in this group. Among nonmalignant diseases, 
the excess in death rates for emphysema-chronic bron¬ 
chitis reached 60% among women married to heavy 
smokers, with a similar but less steep trend for ischemic 
heart disease. For no major disease, however, was the 
association with passive smoking as marked as for lung 
cancer. 

The study ini Greece was a hospital-based case-control 


investigation of lung cancer (2, 5, 6 ) . Cases were women 
with long cancers other than adenocarcinoma admitted 
to one of the three largest hospitals treating respiratory 
cancer in Athens, while controls were selected from ai 
single Athens orthopedic hospiiah Interviews with the 
subjects revealed 77 cases and 225 controls who had not 
smoked cigarettes. Among these nonsmoking women, 
RRs of lUng cancer were higher for those married to 
smokers than for those married to nonsmokers, long¬ 
term ex-smokers, or never married women and tended'to 
increase according to amount smoked by the husband 
(table 2)i 

Some criticism of the reports quickly surfaced (7-/0), 
Neither study evaluated exposure to environmental to¬ 
bacco smoke outside the home. A potential statistical 
error was noted in the Hirayama report, although its 
impact was negligible (i7-9). The Hirayama article pro¬ 
vided only meager details of the methods used in the 
conduct and analysis, so some questions were raised' 
about the cohort and its follow-up. Subsequent reports 
by Hirayama ( 3 , 4 , 21 ) still omit detailed discussioni of 
study design, but several aspects of the investigation 
weigh against the possibility that inherent biases account'; 
for the elevated risk observed with passive smoking.^ 
These include the prospective nature of the study, with 
information on smoking obtained! prior to the follow-up 
for cancer deaths; the dose-response relation evident via 
internal comparisons, with death rates for segments of 
the cohort (nonsmoking women married to light, mod¬ 
erate, or heavy smokers) progressively higher than rates^ 
in another segment of the same cohort (nonsmoking 
women married to nonsmokers); and the completeness 
of ascertainment of mortality available through the Jap¬ 
anese national' system of mortality registration, so that 
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Table l.—i?aMos of lung cancer mortality,. I&66-SJ. among 
nonsmoking Japanese females according to the smoking habits 
of their husbands'^ 


Husband's smoking 
status 

No. oMung 
cancer deaths 

Mortality 

ratios 

mcii 

Nonsmoker 

37 

1.0 


Ex-smoker 

17 

1.4 

0.9-2.2 

1-14 cigarettes/day 

53 

1.4 

1.0-2.0 

15-19 cigarettca/day 

24 

1.5 

1.0-2.4 

>20 cigarettes/day 

64 

1.9 

1.3-2.7 


* Dau from (J). 


virtually all deaths could be identified among the var* 
ious subgroups of the cohort. Determination of cause of 
death was not described in the Hirayama publications, 
and it is susp>cGted that the lung cancers reported for 
many of the women may have been diagnosed solely on 
clinical or radiologic evidence. There is no reason to 
suspect, however, that diagnostic differentials exist ac¬ 
cording to the smoking status of the husband. Histo¬ 
logic confirmation was also not obtained on all patients 
in the Greek study, and the cases and controls were 
derived from different hospitals (although both groups 
were similar on demographic and socioeconomic 
grounds). Despite their limitations* the studies of Hiia* 
yama and Trichopoulos et al. yielded remarkably con¬ 
sistent resul ts and served to stimulate additional research 
to evaluate environmental tobacco smoke as a riskTactor 
for cancer. 

• 

RECENT EPIDEMIOLOGIC INVESTIGATIONS 

Since 1981 several studies in the United States (table 3) 
and abroad (cable 4) have assessed lung cancer risk 
among persons exposed to environmental tobacco smoke. 
Few were designed specifically to evaluate passive smok¬ 
ing and thus typically obtained only limited exposure 
information. In combination, however, they provide 
some clarification of the patterns of risk among passive 
smokers. 

American Cancer Society Study 

The first report subsequent to the Japanese and Greek 
investigations was bas^ on existing data from the 
American Cancer Society’s cohort mortality study. Gar- 
finkcl (12) identified 176;000 married worticn through- 


TabLE 2.^RRs of lung cancer fAher tAan admoearcinoma 
among nonsmoking Greek uwnrw according to the smoking habits 
of their husbands* 


Husband'S smoking 
status 

Cases 

Controls 

RR 

959b Cl 

Nonsmoker 

24 

109 

1.0 

... 

Ex-smoker 

15 

35 

1.9 

0J9-4.1 

1-20 cigarettes/day 

24 

56 

1.9 

l,0-3.7 

>21 cigarettes/day 

14 

25 

2.5 

0.9-7.0 


* DaU from (5. 5). 


out the United States who indicated in a questionnaire 
administered in 1959 that: they had never smoked ciga¬ 
rettes regularly and for whom information on their hus¬ 
band’s smoking habits was available. A total of 153 lUng 
cancer deaths were recorded during 1960-72 among this 
group. Small elevations in lUng cancer mortality were 
found among women married to light {RR = 1.3) or 
heavy (RR = 1.1) smokers compared to women married 
to nonsmokers-rlTiese findings were largely interpreted 
as refuting thc""carlicr studies, particularly since the 
author concluded that “nonsmokers married to smoking 
husbands showed very little, if any, increased risk of 
lung cancer.“^owevcr, the RR estimates were above 1.0 
and the 95% confidence limits associated with husband's 
smoking were large enough (0.9-1.9 (or light smokers: 
0.8-1.6 for heavy smokers) to accommodate a small to 
moderate effect of passive smoking. ^ 

Other Studies in the United States 

Six case-control studies that estimated lung cancer 
risks for passive smoking among nonsmokers have 
recently been completed in different areas of the United 
States. Most had relatively small numbers of cases, since 
the great majority of lung cancers in this country occur 
among smokers. They also tended to focus on women, 
as there were even fewer nonsmoking men with lung 
cancer available for invesugation. 

In a hospital-based investigation into the elevated 
lung cancer mortality rates among Louisiana’s southern 
parishes (IS), only 10 male lung cancer patients (of a 
total of over 1,000) and 25 ever-married female cases (of 
302) had never smoked cigarettes. After 4 cases were 
excluded because of inadequate information on spouse’s 
smoking habits, a twofold increased risk of lung cancer 
was found for both male and female nonsmokers whose 
spouses smoked compared to those whose spouses did 
not smoke. The excess was threefold for those whose 
spouses smoked more than 2 packs per day. Some 
increase in risk was also noted among male smokers 
whose mothers had smoked, but no association was 
found for paternal'smoking. 


Table 3. —RRs of lung cancer ainong noneiTtoking women married 
to smokers reported fronm epidemiologic studies 'in the United States 


Study,• 

author (reference) 

Spouse 

smoked 

Cases 

Controls 

RR 95% Cl 

Garfinkel (12) 

No 

65 

■ 

1.2 0.8-1.6 


Yes 

83 



Correa et al. (IJ) 

No 

8 

72 

2.1 0J8-5.5 


Yes 

14 

61 


Kabat and Wynder (15) 

No 

11 

10 

0.8 0.3-2.5 


Yes 

13 

15 


Wu et al.(;6) 

No 

9 

19 

1.2 0.6-2.5 


Yes 

19 

33 


Garfinkel et al. (i3) 

No 

43 

148 

1.2 0.9-1.6 


Yes 

91 

254 



•AM investigations were case-<ontroi studies, except the first, 
which was a cohort study ascertaining tun^ cancer deaths over a 6^y r 
period among^ 176^000 women. 
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Table i.^RSs of lu-ng cancer among rumsmoking women married to smokers reported /torn case^ontrol studies in other countries 


Study, author (reference) 

Country 

Spouse smoked 

Cases 

Controls 

RR 

95% Cl 

Akiba et al; {20) 

Japan 

No 

21 

82 

• L5 

0.9-2.6 



Yea 

73 

188 



Chan et al. {21) 

Honst ICons 

No 

50 

73 

0.8 

0.4.-1I.3 



Yea 

34 

66 



Koo et al. 

Hong Kong 

No 

35 

70 

L5 

0.9-2.7 



Yea 

51 

66 



Lee et ai. (25) 

Great Britain 

No 

5 

16 

1.6 

0.5-5.0 



Yes 

19 

38 



Persha^en et al. (^6): 

Sweden 


67 

134 

1.2 

0,6-2.1 


* Dsu in (^5) not presented separately by smoking status of spouse. 


Dalager et al. (7^) subsequently added data on H male 
cases from a case-control study in New Jersey to the 
Louisiana data and noted that the trend toward increas¬ 
ing risk associated with number of cigarettes smoked per 
day by the spouse was stronger for squamous cell carci¬ 
noma than for adenocarcinoma of the lung. When 
information from a case-control study of lung cancer in 
Texas was included, the total number of cases who had 
never used tobacco products was raised to 99* The only 
exposure variable available for all these subjects was 
duration of living with a household member (parent, 
spouse, or other individual)' who smoked: There was no 
increase in risk (RR^O.S; 95% Cl=0*5-1.3) associated 
with ever living with a smoker, but a slight increase 
(RR=L2; 95% GI=0 j 6-2-5): was found when the dura¬ 
tion of exposure exceeded 40 years. 

In a multicenter case-control study, Kabai and Wynder 
(75) reported that among 36 nonsmoking male and 
female lung cancer patients, the proportion of smoking 
spouses was not higher than expected (RR = 0i9; 95% 
Cl=0.3-2.1). The authors did not present risk estimates 
according to the number of cigarettes smoked by the 
spouse. Among nonsmoking males, an increased risk of 
lung cancer (RR=3.3; 95% CI= 1.0-10.5) was reported 
for those exposed to tobacco smoke at work. 

Wu et al. (75) noted 20 and:30% increases in the risk of 
adenocarcinoma of the lung among nonsmoking women 
in Los Angeles who were exposed to passive smoking 
from spouses or at work, respectively. Interviewed were 
29 nonsmoking patients and 62 nonsmoking controls. 
Only 2 nonsmoking patients had squamous cell cancers, 
precluding evaluation of risks for this type of lung 
cancer. Combining years exposed at home or at work, 
the increase in risk of lung adenocarcinoma rose to two¬ 
fold for those in the highest duration of exposure cate¬ 
gory, although the trend was not statistically significanL 
No increase in adenoc 2 ucinoma among nonsmokers was 
associated with exposure to parental tobacco smoking 
during childhood, but having a mother or father who 
smoked yielded RR estimates of 1.7 and 1.5, respectively, 
among the total groups most of whom were smokers. 

In a hospitahbased case-control investigation in North 
Carolina (77) designedi to explore the effect of passive 
smoking on many cancers, 22 patients had lung cancer. 
There was a 50% increase in risk (95% Cl = 0 6-4.3) of 
this tumor among p>ersons married to smokers. All but 2 


of the lung cancer patients were smokers themselves, 
however, limiting the study’s ability to assess an associa¬ 
tion with passive smoking. 

Garfinkel et al. (7^) carried out the largest case-con¬ 
trol study assessing passive smoking to date. In a 
hospital-based investigation in New Jersey and Ohio, 
nonsmoking women with lung cancer (134 cases) were 
matched to nonsmoking women with colorectal cancer 
(402 controls). Information was sought from the sub¬ 
jects, or more often their next of kin, not only on 
spouse's smoking habits, but also on exposures to pas¬ 
sive smoking outside the home. There was no evidence 
of a trend of increasing risk of lung cancer with increas¬ 
ing hours per day of exposure to passive smoking. More 
cases than controls, however, were found to have hus¬ 
bands who had smoked. The overall excess was 20% 
(RR = 1.2: 95% Cl =1.0-1.7) and increased to 100% {RR = 
2.0; 95% CI=1.1-3.5) among those whose husbands 
smoked 2 or more packs of cigarettes per day. The RR 
estimates tended to be slightly higher when husband’s 
smoking was categorized according to cigarettes smoked 
at home. This study is unusual in that the hospital con¬ 
trol group consisted of admissions for a single disease 
entity rather than a variety of conditions. Hence case- 
control differences might reflect unusual characierisdcs 
of colorectal cancer as oppx)sed to lung cancer. Colorec¬ 
tal cancer is unrelated to smoking habits (7P) and pre¬ 
sumably to passive smoking, so the controls used should 
be appropriate. 

Studies In Other Countries 

Several recent publications have evaluated the relation 
of passive smoking to lung cancer in other countries, 
mainly through case-control studies (table 4). Utilizing 
data from a case-control study of lung cancer among a 
cohort of atomic bomb survivors in Hiroshima and 
Nagasaki, Akiba et all ( 20 ) found a 50% increase in the 
risk of lung cancer among nonsmoking women whose 
husbands smoked. There was a progressive increase in 
risk with amount smoked by the husband, the excess 
reaching twofold for women married: to men who 
smoked 30 or more cigarettes per day. A reduction in 
lung cancer risk was also reported following cessation of 
exposure to husband’s smoking. The findings, based on 
94 nonsmoking cases and 270 nonsmoking control, are 
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quantitatively very similar to those reported in the 
Hirayama cohort study {3, -f), despite different popula¬ 
tions covered and different! methods employed. Most of 
the interviews were with the next of kin of deceased 
cases and controls,,but the information on smoking hab¬ 
its closely resembled that obtained from the women 
themselves during routine surveys of atomic bomb sur¬ 
vivors in the 1960’s. This comparison provided inde¬ 
pendent confirmation by the relative of the nonsmoking 
status of most of the women, both' cases and controls, 
arguing against the possibility that Japanese women 
tend to report themselves as nonsmokers when they 
actually smoke. 

In Hong Kong, where the rates of lUng cancer among 
females are high by world standards, two investigations 
provided! mixed results. Chan et al. {21, 22) reported that 
41'^ of nonsmoking femalfe cases versus 48% of ortho¬ 
pedic controls were passive smokers, although the cri¬ 
teria used to define exposure are not clear. Seeking 
information on lifetime exposure to environmental 
tobacco smoke in the home and workplace, Koo et al. 
{23) interviewed! 88 nonsmoking women with lung can¬ 
cer and 137 nonsmoking neighborhood-matched con¬ 
trols. The RR of lung cancer among women married to 
husbands who smoked in their presence was 1.5 (95% 
Cl = 0.9^2.7), rising slightly among those who were 
exposed to environmental tobacco smoke either at home 
or at work compared to those not exposed at either sel¬ 
ling (Koo LC: Personal communication). There was no 
increasing trend with amount smoked^ however, and the 
total number of hours of exposure per year from all 
sources of passive smoking was somewhat less for the 
cases than controls. When risk estimates were calculated 
according to cell type, an increase in risk associated with 
passive smoking was more apparent for squamous cell 
cancer than adenocarcinoma of the lung. 

Limited information on this issue is available from 
western Europe. A case series of 39 female nonsmoking 
lung cancer patients in the Federal Republic of Ger¬ 
many was described by Knoth et al. (24). About 60% were 
reported to live with smokers. No control group was 
used, but the authors referred to census statistics indicat¬ 
ing that only 22% of males aged 50-69 were smokers. 
The appropriateness of this comparison is doubtful, be¬ 
cause of likely differences in the definition of smoking 
status (e.g., the census ascertained current smoking prev¬ 
alence at a fixed point in time, whereas apparently no 
such time restriction was placed on the cases) and 
because some of the patients may have lived with more 
than a single individual. 

As part of a hospital-based case-control study in Great 
Britain, Lee et al: (25) interviewed 47 married lung 
cancer patients and % controls admitted for conditions 
unrelated to smoking, who had never smoked. Informa¬ 
tion on spouse's smoking habits was sought from the 
study subjects and the spouses themselves. The RR of 
lung cancer among nonsmoking women married to 
smokers was 1.6 (95% CI=0.4-5.6): when smoking habits 
during marriage were reported by the husbands and 1.0 
(95% CI = 0.2-4.4) among nonsmoking men whose wives 


reported themselves as smokers. The RRs were lower for 
women and higher for men when data from the subjects 
but not the spouses were used. 

Among 2 cohorts of nonsmoking Swedish women, 
incident cases of lung cancer plus controls were identi¬ 
fied during 1963-80 {26). Questionnaires completed in 
1984 on 67 patients or their next of kin andi about four 
times as many age-matched controls provided informa¬ 
tion on the spouse’s smoking habits. There was little 
overall increased risk of lung cancer among women 
married to smokers, but a 2.5-fold excess (95% CI= 
1.0-6.7) was found for Kreyberg I lUng cancer, predomi¬ 
nantly squamous and oat cell carcinomas. For both 
Kreyberg type I and II lung cancers,risks were most ele¬ 
vated for the heavy-exposure group* namely, those mar¬ 
ried to men who smoked'more than 15 cigarettes per day 
during 30 or more years of marriage. 

Only limited information is available from cohort 
studies conducted since the observations of Hirayama (/ ) 
and Garfinkel {12). In a follow-up survey in Scotland. 
Gillis et al. (27) noted! e.xccss lung cancer mortality 
among nonsmoking males but not females exposed to 
passive smoking, but the numbers involved were quite 
small (6 male and 8 female lung cancer deaths). 

SUMMARY RR ESTIMATES 

We combined results from the epidemiologic studies 
listed in tables 3 and 4 with those of Hirayama (5) and 
Trichopoulos et al. (5> ^), weighting the RRs from each 
study according to the Mantel-Hacnszel procedure {28). 
Based on the overall data, the summary RR estimate of 
lung cancer among nonsmoking women whose hus¬ 
bands smoked was 1.3 (95% a=l.l-1.5). 

As reported in several investigations evaluating dose- 
response trends, the RR estimates tend to be higher for 
women manied to heavy smoken (table 5). Although 
the definition of a heavy smoker vari^ across the studies, 
if results for the high exposure categories are combined^ 
the summary RR estimate of lung cancer associated with 
hcaLvy passive smoking is 1.7 (95% 0=* 1.4-2.1).' 


Table 5.^/2/2» of lujig cancer among nortumoking ivomen. according 
to number of cigaretUt smoked per day by their husbands, reported 
from epidemiologic studies in the United States and other countries 


Study, author (reference) 

Husband’s smoking sucus 

Nonamoker 

Light 

Heavy® 

Garfinkel (J2) 

liO 

1l3 

1.1 

Correa et al. (25) 

1.0 

1.2 

3.5 

Wu et al. (25) 

1.0 

L2 

2.0 

Garfinkel et al. (25) 

1.0 

1.1 

2.0 

Akiba et al. {20) 

1.0 

1.4 

2.1 

Koo et ali (£5) 

1.0 

1.9 

1.2 

Pershagen et a). {26). 

1.0 

1.0 

3.2 


* Heavy smokers are defined as those who smoked >20 cigarettes 
per day in (ir)'and («); >30 eijrarettes per day in (20): >40 
ciffarettes per day in (iJ) and (i^); >15 ci^rettes per day among: 
those married at least 30 yr in (25); and as those with >30 yr of 
passive smoking exposure in (IS). 
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The cumulative epidemiologic evidence to date thus 
suggesu that npnsmokers married to smokers experience 
a small to moderate increased risk of: lung cancer. There 
is uncertainty, however, about the causal nature of the 
association, especially in view of limitations in assessing 
exposure to environmental tobacco smoke. 

EXPOSURE ASSESSMENT 

While women marriedi to smokers tend to receive 
greater exposure to ambient smoke than women married 
to nonsmokers, it is apparent that husband’s smoking 
status is an imperfect correlate of total exposure to 
environmental tobacco smoke. Such was suggested by a 
survey of 35,000 nonsmoking male and female partici¬ 
pants of a health maintenance organization in San 
Francisco and Oakland who answered! questions regard¬ 
ing their hours of exposure to environmental tobacco 
smoke at home, in office rooms and! other confined 
spaces, or in larger areas outside the home (29), It was 
found that nearly one-half of the female nonsmokers 
married to smokers reported no exposure to passive 
smoking in the home, while about one-third of the 
women married to nonsmokers reported some passive 
smoking outside the home. Although the survey focused 
on current exposures and included many young adults, 
whose practices are not necessarily those of women in 
the 55-70 age range where lung cancer usually arises, it 
app>ears that information on husband’s smoking habits 
yields only an approximate measure of environmental 
tobacco smoke within the home and a crude indication 
of total exposure. The survey did reveal, however, that 
even today the spouse is the dominant source of passive 
smoking exposure among nonsmokers who are married 
to smokers. 

Although interviews have been the method of ascer¬ 
taining exposure to ambient tobacco smoke, there is 
mounting interest in supplemcnung self-reported infor¬ 
mation with more objective measures based on labora¬ 
tory assessment of tobacco smoke aerosols and biological 
specimens obtained from nonsmokers. Biochemical as¬ 
sessment of passive smoking is complicated by the pres¬ 
ence of over 3,000 substances that have been detect^ in 
tobacco and its combustion producu, including a great 
number and variety of carcinogens, cocardnogens, pro¬ 
moting agents, and mutagens (J9, SO), many of which 
tend to vary in concentration between mainstream and 
sidestream smoke. Mainstream smoke arises during puffs 
and passes through the butt end of the dgarette, whereas 
sidestream smoke is generated by the passive burning of 
the cigarette and is emitted directly into the air. Since 
about 80% of the tobacco is usually burned between 
puffs, indoor pollution from environmental tobacco 
smoke comes mainly from sidestream smoke, with ex¬ 
haled mainstream smoke making the smaller contri¬ 
bution (Si). Table 6 lists some of the constituents that 
have been found in the air of smoke-filled rooms in 
homes, offices, restaurants, and bars and provides ratios 
of the levels of the substances in sidestream versus main¬ 
stream cigarette smoke determined under experimental 


Table constituents o/ io^acco smo^e and 

approrimate ratio in sidestream to mainstream smoke^ 


Constituent 

Ratio in sidestream 
to mainstream smoke 

Nitrosamines 

• 5-437 

Ammonia 

73-150 

Formaidehydfe 

50 

2-Naphthylkmine 

39 

Aniline 

30 

Nickel 

0.2-31 

Acrolein 

12 

Carbon dioxide 

8 

Cadmium 

4-7 

Carbon monoxide 

2-5 

Methane 

3 

Nicotine 

2-3 

Benzofajpyrene 

2-3 

Phenol 

3 

Tar 

1-2 

Acetylene 

0.8 

Hydrogen cyanide 

0.05-0.4 


•Adapted from (J9.,S0. S/, SS)j 


conditions. As indicated in the table, some components 
such as the nitrosamines and various paniculaies occur 
in much greater conGentrations in sidestream smoke. In 
addition, sidestream smoke ,may increase exposure to 
other respiratory carcinogens, including radon and its 
daughter products (S2). In Sweden radon levels in the 
households of smokers were more than double those of 
nonsmokers, possibly because ambient tobacco smoke 
increases the number of particulates to which radon 
products can cling. 

Although cigarette smokers obviously inhale consid¬ 
erably greater amounts of tobacco smoke than can be 
achieved by involuntary inhalation of smoke, the expo¬ 
sures to particular agents from passive versus active 
smoking have not been fully characierized (SS). Some 
comparative estimates have been made, however. One, 
based on experimentally determined air measurements, 
estimated that airborne levels of aldehyde, total panicu¬ 
late matter, and nicotine inhaled by passive smoking in 
1 hour would be, resf>cctively, about 1/4, 1/11, and' 1/50 
the levels inhaled by smoking 1 cigarette (S4). On the 
other hand, the amount of volatile nitrosamines inhalbi 
by a passive smoker in 1 hour in a closed environment, 
such as a commuter train bar, was reported as equivalent 
to that received by smoking over one-half pack of filter 
cigarettes (SS), Repace and Lowrey (S6) estimated a 
range of 0-14 mg tar/day (average, 1.4 mg) received by 
nonsmokers, corresponding to the tar obtained from 
smoking about 0.1-1 cigarette. Contributing to the diffi¬ 
culty of assessing exposure to lung tissue are difftreni 
routes of exposure, with passive smokers generally 
inhaling through nasal passages, as opposed to the 
mouth and throat among direct smokers. Little is 
known about the dep>osition of tobacco smoke aerosols 
within the bronchus and lung, although deposition 
fractions have been reported to be less for sidestream than 
mainstream smoke (ST). Somewhat smaller panicle sizes 
have been measured for sidestream smoke (}/ ), suggesi- 
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ing that a greater proportion of the exposure from pas^ 
sive smoking reaches the more distal portions of the 
lungs. 

The biochemical assessments perhaps most relevant to 
environmental tobacco smoke exposure have involved 
assays of smoke constituents or their metabolites in body 
fluids. Saliva, blood, and urine sp)ecimens have been col¬ 
lected from passive smokers for determinations of several 
substances, including nicotine and! cotinine. the major 
metabolite of nicotine. Hoffmann et al. exposed 10 
nonsmoking volunteers for 80 minutes in an experiment 
tally controlled room to steady-state pollution from 4 
standard cigarettes and almost immediately observed 
sharp rises in salivary nicotine, with'subsequent tripling 
of salivary, plasma, and!urinary cotinine levels, but little 
change in thiocyanate or carboxyhemoglobin. Elevated 
cotinine levels among passive smokers have been a con¬ 
sistent finding in other experimental studies, as well as 
in naturally occurring seuings {39): Waldi et al. (40) 
noted a tenfold gradient in urinary cotinine among 199 
nonsmokers, with levels rising in proportion to dura¬ 
tion of exposure to environmental'tobacco smoke in the 
week prior to urine collectioni Similar trends have been 
observed in other surveys of nonsmoking adults in Great 
Britain and Japan {4i\ 42). and in a population-based 
sampling of 569 British schoolchildren (f3). Mean uri¬ 
nary cotinine concentrations among North Carolina 
infants living with smokers were over 20 times higher 
than the corresponding levels among infants whose par¬ 
ents did not smoke (44): The levels also tended to 
increase with the number of cigarettes the mother 
smoked in the preceding 24 hours. 

These studies leave little doubt that nonsmokers actu> 
ally inhale and metabolize sidestream smoke constitu* 
ents. The levels of most substances, such as cotinine, in 
passive smokers appear to be much Ifess than in smokers 
themselves. The cotinine concentrations among passive 
smokers are generally about 1/100 or less those of direct 
smokers, although the fraction is much higher in Japan 
(42), In the two surveys of adults comparing ‘‘heavy” 
passive to active smoking, the fractions were 1/50 in 
Great Britain (40) andi 1/7 in Japan (42). Translating 
these figures into cigarette equivalents suggests that 
nonsmokers heavily cx|x>sed to environmental tobacco 
smoke receive nicotine ini amounts similar to those 
obtained by smoking between 1/2 and 3 cigarettes per 
day. The lower Ibvel probably reflects the situation in the 
United States, whilfe the higher fiaction in Japan may be 
influenced by greater degrees of crowding and smaller 
average room sizes. Hence, if involuntary smoking 
exposures to nicotine approximate those to the caidno- 
gens in tobacco smoke, then the risks of lung cancer 
associated with pmsive smoking might be estimated by 
assuming that heavy passive smoking is equivalent to 
smoking about 1 cigarette every other day. This may be 
an underestimate, however, since ingredients in tobacco 
smoke other than nicotine appear responsible for smok¬ 
ing-induced lung cancer, and passive smokers inhale 
comparatively less nicotine than several other substances, 
including nitrosamines. Thus passive smoking might 
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result in exposures to specific carcinogens in ambient 
tobacco smoke equivalent to smoking up to a few ciga¬ 
rettes per day. 

Precise estimates of the risk of lung cancer associated 
with smoking 1 or 2 cigarettes per day are not available, 
since not many smoke so few cigarettes daily. However, 
three major prospective cohort studies of mortality 
among smokers [the American Cancer Society’s investi¬ 
gation of nearly 500,000 men (45); the 16-yr follow-up of 
250;000 U.S. veterans (46)\ and the 20-yr follow-up of 
34,000 British doctors (^7)] revealed RRs of lung cancer 
of 4.6, 4.8, and 7.8 among smokers of 1-9^ 1-9. and 1-14 
cigarettes per day, respectively. Linear interpolation be¬ 
tween these values and the base-line level of 1.0 for non- 
smokers would yield estimated RRs for smokers of a few 
dgareties per day of 1.5-fold to twofold^ the same order 
of increase associated with high levels of passive 
smoking. 

EVALUATING CAUSAL SIGNIFICANCE 

The evidence from epidemiologic investigations sug¬ 
gests that nonsmoking women married to smokers have 
experienced an increase in lung cancer risk. Our calcuia- 
tions summarizing the available data place the excess at 
about 30%. Since environmental tobacco smoke contains 
many agents that may contribute to pulmonary carcino¬ 
genesis and since constituents of tobacco smoke have 
been detected in body fluids of passive smokers, it is bio 
logically plausible that a causal relation exists between 
passive smoking and lung cancer. This interpretation is 
enhanced by the replication of findings in different 
populations around the world; by a dose-response effect 
with excess risks of about 70% among nonsmokers heav¬ 
ily exposed to ambient tobacco smoke, by cell type predi¬ 
lections resembling those assodaied with direct smoking, 
and by the similarity in risk estimates between heavy 
passive smokers and exceptionally light active smokers. 

The current evidence, however, must still be inter¬ 
preted with caution. It has been difficult to quantify 
actual exp>osurc to environmental tobacco smoke, and 
estimates based on smoking habits of sp>ouses are rela¬ 
tively crude approximations. There is also concern that 
women married to smokers differ from women married 
to nonsmokers in ways that influence lung cancer risk. 
In the passive smoking survey of San Francisco and 
Oakland (29), the reported passive smoking exposures 
from all sources were higher for whites, the young, those 
without a college education^ heavy drinkers of alcoholic 
beverages, and workers exposed to hazardous substances. 
Race, age, and education were usually controlled for in 
the design or analysis of the studies reviewed, however, 
and alcohol is not generally recognized as an inde¬ 
pendent risk factor for lung cancer (48): Occupational 
exposure to respiratory carcinogens (49) may occur 
among women married to smokers, but the numbers 
would be very small and not likely to con found the rela¬ 
tionships observed. There is evidence that intake of 
foods high in beta-carotene and other nutrients may 
lower the risk of lung cancer (50), It is not known 
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whether women married to smokers consume less of 
these foods, but adjustment for intake of green vegetables 
and other vitamin A-containing foocb in two studies of 
passive smoking (3, 14), had little effect on the estimates 
of lung cancer risk. 

More extensive and innovative studies are needed to 
evaluate and: clarify the causal nature of the relation 
between lung cancer and passive smoking. Although 
attention will probably continue to center on nonsmok¬ 
ing women married to smokers, the group most likely to 
provide the largest amount of relevant data, special 
efforts should be made to quantify more precisely the 
exposure levels to ambient tobacco smoke both within 
and outside the home. Larger studies will be required to 
assess fully the small increases in RR expected from pas¬ 
sive smoking, confirm trends of greater risk with higher 
levels of exposure, adequately adjust for confounding 
factors, and search for interactions with host susceptibil¬ 
ity genetic or nutritional measures). The impact of 
transplacental and early life exposures to parental smok¬ 
ing should also be investigated as a risk factor that 
might, as suggested by animal models, potentiate the 
effects of later exposure to tobacco smoke or other carci¬ 
nogenic hazards (13), The tendency for lung cancer to 
aggregate in families (5/) should be investigated to iden¬ 
tify the possible role of passive smoking as well as 
genetic susceptibility. In addition, there is potential for 
other long-term consequences such as coronary artery 
disease (52), indicating the importance of further re¬ 
search to clarify the role of passive smoking on the risk 
of various chronic diseases. Whenever possible, epide¬ 
miologic evaluation of passive smoking should incorpo¬ 
rate laboratory measures of tobacco smoke components 
and their by-products, plus indicators of biologic re¬ 
sponse and interactions. 

CONCLUSION 

Further research is needed to evaluate the etiologic 
role of passive smoking; however, it would seem pru* 
dent to regard the existing evidence as highly suggestive 
that long-term exposure to environmental tobacco smoke 
increases the risk of lung cancer. 
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